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WI ABSTRACI 
4,4, IQ, 109tetranitro-6,8-dioxatridecanell, 13-dial poly- 
forma1, HQ(CH2)3C(NQ2)2CH20CH20CH2. 
C(N0~)2fCH~)~O[CH~O(CH2)3C(NOz)tCH20CH- 
20CH2C(N02)2(CH2)3O].H, which has high energy, 
high therma stability, and which is useful as a prepaly- 
mer for plastic-bonded explosive compositions. 

3 Claims, &o Drawings 

A statutory inventian registration is sot a patent. it has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent, No article or advertises 
ment or the like may use the term patent, or my term 
suggestive of a patent, when referring to a statutary in- 
vention registration. For more specific information on the 
rights ztssociated with a statutory invention registration 
see 35 USC, 157. 
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4,4,10,10nTETRANITRQ-6,8-DrOXATRIDECANE- 
1,13~DIOL POLYFORMAL AND METHOD OF 

PREPARATION 
5 

BACKGROU!VD OF THE INVENTION 
This invention r&es to p&formals and mure par- 

Gcularly to energetic polynitro~polyformals. 
Although a number of cross-linkable energetic poly- 1. 

mers are known, mast are not stable at 150’ C. either 
because the energetic moiety (nitrate, azido) is not sta- 

. ble, or because the functional (end) groups are not sta- 
ble. PolynitroaIkyl acrylates can be cross-linked with 
di-acrylates, but the resulting three-dimensional poly- 1 s 
mers are hard and brittle and are not suitable for use as 
Jinders. 
‘Y It would therefore be desirable to provide an ener- 
,getic, flexible binder which is suitable for explosive 
compositions and which has a high degree of thermal 
stabiti ty. 20 

SUMMARY OF THE INVENTION 

. 

Accordingly, an object of this inventian is to provide 
a new energetic polymer which is suitable as a binder 
for explosive composites. 25 

- , Another object of this invention is to provide a new 
‘energetic polynitro polyformal pulymer which has a 
hydroxy functionality suitable for cross-linking. 

A further object of this invention is to provide a new 
energetic polynitro paIymer having improved thermal 30 
stability. 

Yet another object of this invention is to provide a 
new polynitro homopolymer which has a glass transi- 
tion point below room temperature. 

These and other objects of this invention are accom- 35 
#shed by providing 4,4,10,10-tetranitro-6,8-dioxatri- 
decane- f ,13-diol polyformal, 
HO(CH2)3C(N02)2CH20CH20CH- 
~C(N~~)~(CH~)~~[CH~~(CH~)~C~N~Z)~CH~UCH- 
20CH2C(N02)2(CH2)301nH, which is prepared by the 4a 
polycondensation of 4,4,10, I O-Tetranitro-6,~-dioxatri- 
decane-l,l3-dioI, 

2 
solutions can be crosslinked with cammercially avail- 
able polykocyanates. As example 4 illustrates, a gum- 
stock made with the polymer, FEF0 plasticizer (1:3 
ratio), and Desmodur N-100 polyisocyanate gave the 
same result in the vacuum thermal stability test at MO” 
C. as FEFU itself (O*l mL/g/h; 7.5 mL/g\24 h). Thus, 
4,4,10,10-tetranjtro-6,8-dioxatridecane- 1) 130dial poly- 
formal is at least as thermally stable as FEFO. In sum- 
mary, the properties of 4,4,10, IO-tetranitro-6,gudioxatri- 
decane-1,13-dial polyformal show that it is a desirable 
energetic polymer or prepolymer, having a relatively 
low glass transition temperature, good thermal stability, 
and the required hydroxy functionaMy for cross-link- 
ing. 

In prticular, 4,4,10,10-tetranitro&,B-dioxatridecane- 
1,13-diul polyformal may be cured with polyisocya- 
nates to produce rubbery polymers, Organic polyisocy- 
anates which may be used in this invention include 
polymethylenepolyphenylisocyanate (PAPI), isupho- 
rone di- and triisocyanate mixtures, and N,N’N”- 
trisisocyanatohexybiuret, The poiyisocyanate is used in 
an amount sufficietlt to supply from about O.&l to about 
1.5: I but preferably from 1: 1 to 1.2: 1 isocyanate func- 
tional groups for each hydroxy functional group. 

Plastic bonded explosives may be prepared from the 
uncured prepolymer/plasticizer mixture and conven- 
tional explosive ingredients using conventional process 
steps. First, the conventional explosive ingredients 
(solid explosive particles, fuels, additives, etc,) are 
mixed or loaded into the uncured prepolymer/plasti- 
cizer mixture in the formulated amounts. Next a calcu- 
lated amount of polyisocyanate is added, along with any 
catalyst used, to the mixture. In catch of these steps the 
mixture is thoroughly agitated (e.g., stirred), preferably 
under vacuum, to produce a uniform mixture. Finally, 
the mixture is cured, generally by heating, to produce 
the plastic-bonded explosive. 

4,4,10, IO-tetranitro-6,8-dioxatridecane-1,13=diol po- 
lyformal is prepared by the polycondensation af 
4,4,fO, 1 O-tetranitro-6,8-dioxatridecane- 1,3-dial with 
formaldehyde (e.g., ttioxane) in the presence of a suit- 
able catalyst such as SnQ BF3 etherate, TiC14, or 
ZrC14, with SnC14 being preferred: 

‘LJ 

)3UH, with formaldehyde. The polyformal is an ener- 50 
getic, thermally stable polymer which is useful in plastic 
bonded-explosive composites. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 55 

4,4,10, HI-Tetranitro-6,8=dioxatridecane- 1,13-dial 
lyformal, 

po- 
~O(C~~)~C(NU~)~CH~~C~ZOCH~_ 

C(N~~)~(CH~)~~[CH~U(CH~)~C(N~~)~CH~~CH- 
zOCH~C(NO~)~(CH~)~~],H, is the first niero homopol- 
ymer with a glass trans point below roam temperature. 60 
The polymer is soluble in energetic nitroplasticizers 
such as (1) bis(2-fluoro-2,2-dinitroethyl)formal (FEFO) 
or (2) a mixture of bis(2,2-dinitropropyI)formal and 
bis(2,2-dinitropr~py~)acetal (BDNPFIA), and these 

wherein n > 1. The number average molecuIar weight 
of the polymer product can be adjusted by changing the 
diol:trioxane ratio, the amount of catalyst, and the 
amount of solvent. A number average molecular weight 
of from about 2,ooO to about 4,ooO is preferred for use as 
a prepolymer for plastic-bonded explosive binders. 

The preferred reaction conditions are illustrated by 
Example 3- Care is taken to prevent overheating during 
the addition of the catalyst to the reactants. The reac- 
tion may then be run at room temperature (20” C.) with 
agitation (e.g., stirring). 

The 4,4,10,10-tetranitru-6,8-dioxatridecane-I! 13-dial 
starting material is prepared by the reduction of 
4,4,10, IU-tetranitro-6,8-dioxatridecane-r, 13-dioate 
(CARFU): 



Conditions for the reduction are illustrated by Example 
2, A prior art method of preparing CARE0 is given in 
Example 1. 

The general nature of the invention having been set 
forth, the following exampies are presented 8s specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these specific examples but is 
susceptible to various modifications that will be recog- 
nized by one of ordinary skill in the aft. 

Example 1 illustrates a prior art method of praducing 
the dimethyl 4,4,10, IO-tetranitro-6,8-dioxatridecane- 
I,1 J-dioate starting material and is taken from Naval 
Ordnance Laboratory Technical Report number 
NLTR 63-138 (K. G, Shipp, June 5, 1963). 

EXAMPLE 1 
Dimethyl 4,4,10,1 O-tettanitrcl-6,8-dioxatridecane- 1, I3- 

dioate; (CARFO) 
(Prior Art) 

A solution of 4.0 g, 0.1 mol, of sodium hydroxide in 
15 mL of. waler and 15 ml. of methanol was prepared in 
a 250 mL, 3-neck, creased round bottom flask fitted 
with a mechanical stirrer, thermometer and a dropping 
funnel. This solution was cooled ta 0” C. by means of an 
ice and salt bath, and 12 mL of “30%” hydrogen perox- 
ide was added slowly, keeping the temperature under 5” 
C, during the addition. A slurry of sodium hydroperax- 
ide formed. To this slurry a solution of 7.4 g, O-08 mol, 
of bis(2,2,2-trinitroethyl) formal, TEFO, in 30 mL of 
methanol was added during 20 minutes, keeping the 
temperature under 0” C. by the rate of addition. The 
resulting mixture was stirred fur 45 minutes, the cooling 
bath was removed and a very little manganese dioxide 
was added to decompose excess hydrogen peroxide. 
Gas evolution ceased after & hour; water (about 25 mLj 
was added to dissolve al1 salts present and the mixture 
was filtereda 

The clear yellow filtrate was placed in a 250 mL 
Erlenmeyer flask and 8.6 g, 0.1 mol, of methyl acryiate, 
2.5 g, 0.04 mol, of glacial acetic acid, and 3 mL, 0.03 
mol, of concentrated HCl were added. The solution 
rapidly became cherry red in color and a light yellow 
oil began to farm almost immediately. Crystallization of 
the oil began after about two hours and the color of the 
supernatant solution changed to orange yellow. The 
mixture was stirred, magnetic stirring, over night when 
the solution was light orange yellow and the crystalline 
product almast colarless. The product was filtered off, 
washed we11 with water and dried. It weighed 8.0 g or 
8X7% of the theoretical yield, Recrystallized twice 
from methanol and water (Darco & Celite), 6,s g, 
7 1.3% yield, of colorless needles, mp 70” C., was ob- 
tained from the crude product. 

EXAMPLE 2 

a&4,10,1 O-Tetranjtro-6,8-dioxatridecane- 1 D I3-dial 
Dimethyl 4,4,lU,f O-teeranit~o-6,8-di~xaPridecane- 

I,1 J-dioaee @S.S g) was dissolved in 139 mE of 
BH3.THF with ice-cooling and under a nitrogen atmo- 
sphere. The solution was stirred at ruom temperature 
for 3 days, after which time 27 mL of water was added 
slowly and the mixture was heated at 60” C. for 5 min- 
utes. After cooling, the mixture was poured into 200 mL 
of water, and the product was extracted with ether. The 
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ether solution’ was washed with aqueous sodium bicar- 
bonate solution, then with water, and dried fMgS04) 
After removal of the solvent, the crude product was 
recrystallized from dichloromethane. Yield: 19.9 g 
(79%); M.P. 72.Y-3.5’ C. IH NMR spectru~~~ 
(CDC13ffMS): 6 4.76 ts, 2H); 4,41 (s, 4H); 2.69 (m, 4H); 
1.59 (m. 4H). 

EXAMPLE 3 
4,4,10,10-Tetranitro-~,8-dioxatridecane- 1 , 13-dio1 

Polyfufmal 
The diol (1.8 g) prepared in example 2 and 0,14 g of 

trioxane were dissolved, under a nitrogen atmosphere, 
in 1.5 mL of dry sulfolane. Dry dichloromethane (1 mL) 
was added, the solution was cooled in an ice-bath, and 
0.25 mL of tin (IV) chloride was added. The mixture 
was stirred overnight at room temperature, The mixture 
was diluted with 4 mL of dichloromethane and then 
quenched with 4 mL of ice-cold water. The mixture 
was stirred for 2 hours, the dichloromethane layer was 
separated, washed with brine, dried (!+igSOd), and freed 
of solvent, To remove residual sulfolane, the crude 
polymer was triturated with water at SO” C. until no 
sulfolane peaks urere discernable in the ‘H Y!vIR spec- 
trum. The yield of polymer was 1.38 g; A&,.= 5290, 
M/f= 2475. 

EXAMPLE 4 
1.0 g of 4,4,10,10-tetranitra-6&dioxatridecane- f ,13- 

diol polyformal af a number average molecular weight 
of 2475 and 3.0 g of bis(2-fluoro-2,2-dinitroethyl)fomal 
(FEFO) were mixed until homogeneous. Then 0.14 g of 
Desmodur N-100 polyisocyanate was added and mixed 
with the FEFCI-polymer solution. Then O.ooO15 mL of 
dibutyl tin dilaurate catalyst was added and again mixed 
well with the FEFO-polymer-polyisocyanate solution. 
The 24 mixture was then heated to 50” C. under vacuum 
(2 1 mm) to remove dissolved and entrapped gases, and 
was then cured by storing at 50” C. fur 48 hours+ A 
rubbery gumstock was obtained, The thermal stability 
of this material was determined with the standard Vat- 
uurn Thermal Stability Test, The gas evolution was 
found to be 0.1 mL/gfi and 7.5 mL/g/24 h, Note: 
Desmodur N- 100 is a hexamethylene diisocyanate based 
polyisocyanate composed of hexamethylene diisocya- 
nate and a homopolymer of it. Desmodur N-100 is avail- 
able from the Mobay Corporation, Coatings Division, 
hlobay Road, Pittsburgh, Pa. 15205-9741. 

Obviously numerous modifications and variations of 
the present invention are possible in iight of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described 
herein. 

What is claimed is: 
1. 4,4,10, 10ctetranitro-~,S-dioxatridecane- 1 p 13-diol. 
2. 4,4,10,10-fetranitrc-&&dioxatridecane- 1 I 13-diol 

polyformal having the formula 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 
zC(N02)2(CH2)30[CHz0(CH2)3C(N02)2CH20CH- 
20CHzC(NOz)z(CH2)3U)nH wherein n > I I 

3. The polyformal of claim 2 wherein the number 
average molecular weight ?& is from 2ooO to 4ooO. 

$ * 5 t * 


